Abstract. We report a 52-year-old woman who was noted to have elevated alkaline phosphatase (ALP), hypercalcemia (Ca: 11.7 mg/dL), and intact parathyroid hormone (intact PTH: 643.1 pg/mL), and then referred to our hospital with suspected hyperparathyroidism. Ultrasound examination of the neck and magnetic resonance imaging showed a mass region in the posterior aspect of the left lobe of the thyroid, and Tl-Tc subtraction scintigraphy showed Tl uptake at the same location. Based on laboratory and imaging studies, she was diagnosed with primary hyperparathyroidism. The excised parathyroid was a large mass measuring 6.8 × 2.8 × 1.9 cm in diameter and weighing 15.4 g. It was soft, covered with a thin capsule, did not infiltrate the thyroid parenchyma, and showed no evidence of malignant process. Histopathological examination showed that it was clear cell adenoma. There was no evidence of metastasis from the parathyroid tumor in other organs. The post-operative course was excellent, and serum PTH, Ca, and ALP levels returned to normal. Among parathyroid tumors, large adenomas are commonly considered to be more likely malignant, but in this case it was benign despite measuring more than 6 cm in diameter. The histopathological type of the adenoma was clear cell adenoma, a very rare type. We report a clear cell adenoma of the parathyroid gland, which has not been described previously in Japan.
PRIMARY hyperparathyroidism due to parathyroid abnormalities can be divided into three types based on histopathological findings: adenoma, hyperplasia, and cancer. The frequencies of the various tissue types in Japan are 77.9%, 14.6%, and 4.8%, respectively [1] . Solitary adenoma of the parathyroid gland is the most frequent cause of primary hyperparathyroidism. Adenomas usually arise as single lesions, and the majority of functioning adenomas contain a mixed cell population, with a predominance of chief cells [2] . There also exist cases where clear cells and oxyphilic cells are mixed, and in rare cases, the majority of the cells constituting the adenoma may be oxyphilic cells [3] . Hyperparathyroidism with a clear cell adenoma is very rare. Only four cases have been reported worldwide [2, [4] [5] [6] , with none in Japan. We report a patient with hyperparathyroidism, in whom the histological finding was clear cell adenoma.
Case Report
A 52-year-old woman was admitted to our hospital in May 2002 for evaluation of hyperparathyroidism. She had previously been diagnosed with gastric ulcer in 1980 and urolithiasis in 1990, which improved with medical treatment. General medical examination at work in 1999 showed elevated serum alkaline phosphatase (ALP) and normal serum calcium. As she was asymptomatic, she was placed under observation. Another medical examination in February 2002 showed elevated ALP (583 IU/l) and calcium (11.7 mg/dl), but parathyroid hormone level was not suppressed (intact PTH; 643.1 pg/ml). She was referred to our hospital with suspected hyperparathyroidism although she was otherwise asymptomatic.
Physical examination was unremarkable. Laboratory studies on admission (Table 1) showed elevated Ca (10.7 mg/dl), while urinary Ca excretion was high (313.5 mg/day). Endocrine evaluation showed elevated intact PTH (672.3 pg/ml) and elevated 1,25(OH) 2 D and osteocalcin levels. Bone mineral density was slightly decreased.
Ultrasound examination of the neck (Fig. 1A) showed an ill-defined tumor (2.6 × 1.6 × 1.3 cm) in the lower pole of the left lobe of the thyroid. Magnetic resonance imaging (MRI) of the neck (Fig. 1B) showed a tumor (5.5 × 2.0 × 1.3 cm) on the posterior aspect of the left lobe of the thyroid. T1 and T2 images showed high-intensity signals compared to the surrounding muscles. The tumor was heterogeneous, but showed a relatively clear demarcation with the thyroid. Tl-Tc subtraction scintigraphy ( Fig. 2) showed uptake at the same location in the lower pole of the left lobe of the thyroid. Based on the above findings, she was diagnosed with parathyroid adenoma of the inferior pole of the left lobe. Because the adenoma was larger than 5 cm in diameter, surgical excision was considered appropriate, and the parathyroid adenoma was surgically excised in the surgical department of our hospital on June 13, 2002. The adenoma involved a single gland, and was reddish in external appearance, while the cut surface was yellow in color (Fig. 3A) . The adenoma was 6.8 × 2.8 × 1.9 cm in size, weighed 15.4 g, and was soft and covered with a thin capsule, with no infiltration of the thyroid parenchyma. The histopathological findings showed clear cell adenoma (Fig. 3B,  3C ). The other parathyroid gland was normal in the left lobe. As abnormal findings were not found in the right lobe before the operation, the right lobe was not exposed. A careful whole-body survey for metastatic tumor showed a type IIc lesion in the anterior wall of the antrum of the stomach during upper endoscopy. The diagnosis based on histopathological examination of endoscopically obtained biopsy material was group V, and on July 24, distal gastrectomy was performed. The disease was classified as stage IA and the histopathology showed signet ring cell carcinoma, which was considered unlikely to be related to the parathyroid adenoma. The post-operative course was satisfactory (Fig. 4 ) and the intact PTH gradually returned to normal levels (35.3 pg/mL), and serum Ca level decreased to 7.9 mg/dl on the day following the procedure, thus requiring the initiation of calcium supplementation. Her serum Ca level has since been to normal levels (9.0 mg/dl).
Discussion
The most common cause of hyperparathyroidism is parathyroid adenoma. The cell components of parathyroid adenoma are most often chief cells or oxyphilic cells, while the cells in hyperplastic lesions are usually chief cells. Clear cell hyperplasia is a diffuse hyperplasia involving all the parathyroid glands, and generally the upper glands are more involved than the lower. Most parathyroid adenomas are solitary, although rarely they may be multiple. Clear cell hyperplasia is a rare condition involving three or more parathyroid glands in which the parathyroid cells have abundant clear-tofoamy cytoplasm [7] . It is important to definitively define the histological type as adenoma or hyperplasia in this case. Table 2 provides a summary of the differences between adenoma and hyperplasia. In our case, the number of glands involved was one, with no residual fat cells. The tumor was covered by a capsule with no partition, which is consistent with adenoma, but unfortunately a normal parathyroid rim (compressed rim of normal parathyroid tissue around the adenoma) was not found. However, the level of intact PTH had normalized and serum calcium level was low on the day following the surgical excision, and thus it is difficult to attribute the excess hormone secretion to any etiology other than the excised parathyroid tissue. The resolution of the hyperparathyroidism after removal of the single parathyroid without recurrence of hyperparathyroidism lends further support to the diagnosis of adenoma. Of course, it will be important to follow this case closely for any recurrence. Our search of the literature for reports of clear celltype parathyroid adenoma revealed no such cases reported in Japan, and only four reported cases worldwide [2, [4] [5] [6] . The clinical characteristics of these cases are listed in Table 3 . The disease occurs most frequently in patients in their 40s and 50s. There is no sex preference; the male:female ratio is 3 : 2. Despite the relatively high PTH level, serum calcium is not particularly high. In two cases (our patient and another one reported previously, in whom the size of the adenoma was mentioned in the report), the mass was rather large. Based on these findings, we speculate that clear cell adenomas have low endocrinological activity, and that serum calcium concentration does not reach highly abnormal values until the adenoma is of considerable size.
Kovacs et al. [4] studied the electron microscopic features of clear cell adenoma and reported the presence of prominent glycogen deposits in the cytoplasm and the presence of cellular structures called annulate lamellae with rail-like configurations. Grenko et al. [2] also reported similar electron microscopic findings, and these findings are considered very useful in the differential diagnosis of clear cell adenoma. It is unfortunate that electron micrographs were not prepared from our patient.
Among parathyroid cancers, large-diameter tumors are considered more likely to be malignant. Uematsu et al. [8] reported that among six patients with early parathyroid cancers, the diameter of the mass was 2 cm or greater in all cases, and in two patients the diameter was 4 cm or greater. It is difficult to establish the diagnosis of parathyroid tumors based on histopathological specimens prepared for rapid intraoperative diagnosis. In the report of Uematsu et al. [8] , the diagnosis was established before or during the surgical procedure in only three of their six patients. For patients with large tumors and abnormally high serum calcium concentrations, surgical excision should be performed for suspected malignancy, even if the diagnosis cannot be firmly established. Although the adenoma in our case was large, measuring 6.8 cm in diameter, the lesion was benign. This may be a characteristic of the histopathological type seen in our case. The exact etiology causing the development of clear cell adenoma is not clear at present, but identification of additional patients with the same lesion might shed light on the etiology of parathyroid adenomas. For this reason, the case may be important.
In summary, we report a patient with primary hyperparathyroidism caused by clear cell adenoma. Although the tumor size was more than 6 cm, the adenoma was benign. This patient presented with a very rare histopathological finding that of clear cell adenoma, and this is the first such case reported in Japan. 
